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BI-DIRECTIONAL WAVELENGTH DIVISION MULTIPLEXING SELF-HEALING 

OPTICAL RING NETWORK 

CLAIM OF PRIORITY 

5 This application claims priority to an application entitled ''Bi-Directional 

Wavelength Division Multiplexing Self-Healing Optical Ring Network,*' filed in the 
Korean Intellectual Property Office on April 30, 2003 and assigned Serial No. 2003- 
27671, the contents of which are hereby incorporated by reference. 

10 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The p resent i nvention r elates t o a n o ptical r ing network b ased o n a w avelength 
division multiplexing (WDM) technology, and more particularly to an optical ring network 
capable of transmitting optical signals in a two-way direction and performing self-healing, 
15 and its related method of providing an efficient recovery switching of transmission signals 
when a link failure occurs. 

2. Description of the Related Art 

With the commercialization of wavelength division multiplexing (WDM) 
20 technology for transmitting multiple signals with different wavelengths through a single 
optical fiber, it is possible to send a plurality of high-capacity optical signals at a very high 
speed. Further development in techniques in routing, switching, and dropping/adding of 
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optical signals now allow designers and engineers to build an optical network based on the 
WDM technology. 

The WDM optical networks may be generalized into a ring network based on an 
optical add/drop multiplexer and a mesh network based on optical line distributor. Both of 
5 these optical networks require an efficient scheme to cope with a link failure. In the mesh 
network, a protective switching against such a failure is slow but not complicated as each 
node is connected to a plurality of optical fibers. In the ring network, it is easier since the 
optical add/drop multiplexer constituting a node is connected with two or four optical fibers. 
For this reason, the ring network is more preferred and widely used. 

10 In the WDM optical ring network, each node may include at least one optical 

add/drop multiplexer for dropping or adding optical signals and at least one switching 
device for performing a protective switching of signals. According to a protective switch 
technique, the ring networks may be c lassified into networks based on a path protection 
switch scheme and a link protection switch scheme. Further, the ring networks may 

15 utilize two or four optical fibers depending on the number of input/output optical fibers, 
and are classified into a unidirectional transmission and a bi-directional transmission 
depending on the data transmission direction. 

FIG 1 shows a configuration illustrating the protection switching technique of a 
bi-directional optical network according to the conventional technique. As shown in FIG 1, 

20 each node of the ring network comprises a plurality of optical add/drop multiplexers 10a to 
40a; and 10b to 40b, each of which adds or drops individual optical signals, and a plurality 
of 2x2 optical switching devices 110 to 180, each of which performs the switching of 
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signals through inner and outer rings. In the outer ring network 4, optical signals with 
wavelengthsof XI, 13, XN are transmitted. In the inner ring network 2, optical 
signals with wavelengths of XN+I, A.N+2, X.N+3, X2N are transmitted. In this case, the 
outer ring network 4 is for a clockwise transmission, while the inner ring network 2 is for a 
5 counter-clockwise transmission. 

When a link failure occurs, the optical network performs the protection switching 
by transmitting the optical signals in the looped-back or inverse direction using two of the 
2x2 o ptical s witching d evices, w hich a re a rranged o n b oth e nds o f t he f ailed 1 ink. For 
example, referring to FIG. 1(b), when the failure occurs at the outer fiber optic link 

10 connecting between the first outer optical add/drop multiplexer OADMla or 10a and the 
second outer optical add/drop multiplexer 0ADM2a or 20a, optical signals with 
wavelengths of XI, 12, X3, — , which are sent from the first outer optical add/drop 
multiplexer OADMla or 10a to the second outer optical add/drop multiplexer OADM2a or 
20a, are looped-back to the first inner optical add/drop multiplexer OADMlb or 10b 

15 through the second-right optical switching device swl2 or 120, and then transmitted in the 
counter-clockwise direction through the inner ring network 2. The optical signals with 
wavelengths of XI, 12, 13, ", XN, which are sent through the inner ring network 2 are 
transmitted fi-om the second inner optical add/drop multiplexer 0ADM2b or 20b to the 
second outer optical add/drop multiplexer 0ADM2a or 20a through the second-left optical 

20 switching device sw21 or 130, and thus completing the protection switch switching. 

When the ring network is operated normally, the 2x2 optical switching devices 110 
to 180 maintain a bar state or no cross state, so that signals applied to the outer left input 
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port il are transferred to the outer right output port ol, and the signals apphed to the inner 
right input port i2 are transferred to the inner left output port o2. However, when a link 
failure occurs, the optical switching devices 110 to 180 maintain a cross state, so that 
signals applied to the outer left input port il are transferred to the inner left output port o2, 
5 while signals applied to the inner right input port i2 are transferred to the outer right output 
port ol. In FIG 1(b), the second left optical switching device sw21 or 130 is maintained 
in the cross state. Thus, the optical signals passing through the failed link are looped-back 
together with the optical signals with wavelengths of XN+1, X,N+2, XN+3, which 
are sent in a counter-clockwise direction from the isecond inner optical add/drop multiplexer 

10 0ADM2b or 20b to the first inner optical add/drop multiplexer OADMlb or 10b. Then, 
the looped-back optical signals are transmitted in the clockwise direction through the outer 
ring network 4, and subsequently transferred from the first outer optical add/drop 
multiplexer OADMla or 10a to the first inner optical add/drop multiplexer OADMlb or 
10b through the first-right optical switching device swl2 or 120. Meanwhile, other 

15 optical switching devices of the nodes which are not adjacent to the failed link continue to 
maintain the bar state without any change. 

In the above-described conventional method, there are drawbacks when the bi- 
directional self-healing optical ring networks are put into practice with two optical fibers. 
First, when the channel interval of the transmission optical signals becomes narrow, signals 

20 are subjected to a deterioration caused by a non-linear property of the optical fiber. 
Second, because the prior art does perform multiplexing and demultiplexing of the loop- 
back signals and existing transmission signals simultaneously so as to perform the 
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protection switch when the failure occurs, the muhiplexer/ demultiplexer must have twice 
the processing capacity necessary to perform the actual transmission. 

FIG 2 shows a structure of the conventional optical line distributor It is assumed 
that an outer optical add/drop multiplexer is operated as one component in each node of the 
5 outer ring network 4, and an inner optical add/drop multiplexer is operated as one 
component in each node of the inner ring network 2. Therefore, each wavelength processed 
on the outer ring is Xl, 13, XN, while one processed on the inner ring is JiN+l, XN+2, 
XN+3, X.2N. However, with the outer optical add/drop multiplexer 10a, either a 
multiplexer 14 or a demultiplexer 12 must have a capacity in consideration of the looped- 

10 back transmission signals, so that signals with wavelengths of X-N+1, A,N+2, XN+3, A,2N 
can be multiplexed or demultiplexed while passing through the multiplexer 14 or the 
demultiplexer 12. Similarly, with the inner optical add/drop multiplexer 10b, signals with 
wavelengths of XI, X,2, A,3, XN must be subjected to multiplexing and demultiplexing. 
As such, the multiplexer and demultiplexer of the optical add/drop multiplexer for 

1 5 transmitting N optical signals must each have a capacity of lx2N. 

Another d rawback i s t hat s ignals n ot r elated t o t he 1 ink f ailure are a Iso 1 ooped- 
back together. Referring back to FIG 1, optical signals with wavelengths of XN+1, A.N+2, 
A.N+3, X2N which travel the normal link of the inner ring network 2 are looped-back 
when the link failure occurs, and then transmitted along the outer ring n etwork 4 in the 

20 clockwise direction. Accordingly, there occurs a problem in that interruption of 
transmission signals as well as loss of data is incurred. 
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SUMMARY OF THE INVENTION 

The present invention has been made to solve the above-mentioned problems 
occurring in the prior art and provides additional advantages, by providing a bi- 
5 directional WDM self-healing optical ring network, which is economical and efficient in a 
way that a mutiplexer and a demultiplexer of an optical add/drop multiplexer have a 
capacity decreased by one-half as much as that of the prior art. Further, if the optical 
signals are directly transmitted without any loop-back when a link failure occurs. 

In one embodiment, a bi-directional WDM self-healing optical ring network is 

10 provided, in which N optical signals are processed on both first and second ring networks. 
When a link failure occurs on any one of the first and second ring networks, a protection 
switching is performed using the other ring network. In the embodiment, the bi-directional 
WDM self-healing optical ring network includes a plurality of nodes having optical 
add/drop multiplexers, each being provided on the first and second ring networks and 

15 includes a demultiplexer and a multiplexer, each of which has a capacity of IxN; a pair of 
switching devices provided across the first and second ring networks and connected 
between the optical add/drop multiplexers and fiber optic links connected with another 
node; and, wavelength interleavers, each being provided on both ends of each optical 
add/drop multiplexer provided on the first and second ring networks. The interleaver 

20 fiirther includes three ports, of which one port is connected to each switching device and 
allows for passing signals of all wavelength bands, another port allows for passing only 
signals of some wavelength bands processed on any one of the first and second ring 
networks, and the third port allows for passing only signals of the other wavelength bands 



6 



P10980/5000-1-426 

processed on the other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above features and advantages of the present invention will be more apparent 
5 from the following detailed description taken in conjunction with the accompanying 
drawings, in which: 

FIG 1 shows a configuration illustrating a protection switch technique of the bi- 
directional optical network using the conventional link protection switching technique; 

FIG 2 shows a structure of the conventional optical line distributor; 
10 FIG 3 shows an operation of one wavelength interleaver employed according to 

the present invention; 

FIG 4 shows a construction combining of optical add/drop multiplexers and 2x2 
optical switching devices in accordance to a first embodiment of the present invention; 

FIG 5 shows a construction of an optical ring network employing optical add/drop 
1 5 multiplexers and 2x2 optical switching devices of the present invention; 

FIG 5 shows operation of one of a plurality of inter-leavers applied to the present 
invention; 

FIG 6 shows a construction combining optical add/drop multiplexers and 4x4 
optical switching devices in accordance to a second embodiment of the present invention; 
20 FIG 7 shows a construction of an optical ring network employing optical add/drop 

multiplexers and 4x4 optical switching devices of the present invention; and 

FIG 8 shows a detailed operation of a node of a bi-directional optical ring network 
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in order to perform a protection switch according to the second embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

5 Hereinafter, a preferred embodiment of the present invention will be described in 

detail with reference to the accompanying drawings. For the purposes of clarity and 
simplicity, a detailed description of known functions and configurations incorporated herein 
will be omitted as it may make the subject matter of the present invention unclear. 

According to the teachings of the present invention, a non-linearity during the 

10 transmission of optical signals is minimized in an optical fiber by means of a double 
increasing a channel interval when compared with the conventional technique. In 
addition, even though a loop-back technique is used to perform a protection switching in a 
bi-directional self-healing optical ring network, only one wavelength interleaver may be 
required in an optical add/drop multiplexer in order to decrease the capacities of a 

15 multiplexer and a demultipbcer by half as much as those required in the conventional 
optical add/drop multiplexer. Further, the optical ring network according to the present 
invention is configured so that optical signals traveling in the path of a failed Hnk can be 
transmitted normally without any loop-back. 

FIG 3 shows an operation of one wavelength interleaver deployed in an optical 

20 network according to the embodiment of the present invention. As shown, the wavelength 
interleaver 300 is a passive device and has three ports, that is, a port 1, a port 2 and a port 3 , 
so that when signals passing through the port 1 have wavelengths of X.1, X2, X3, A,N; 
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and A,2N (where, N is the even number), signals passing through the 

port 2 become odd-nxunbered channels with wavelengths of X,l, X3, X5, XN-1; and 
XN+3, ?iN+5, X.2N-1 (hereinafter, used as X\, X2N-1), and signals passing through 
the port 3 become even-numbered channels with wavelengths of X2, X4, X6, XN; and 
5 AN+2, XN+4, XN+6, X2N (hereinafter, used as X2, X4, X2N). 

FIG 4 shows the construction of combining optical add/drop multiplexers and 2x2 
optical switching devices in accordance to a first embodiment of the present invention. 
FIG 5 shows the operation process of an optical ring network employing the optical 
add/drop multiplexers and 2x2 optical switching devices shown in FIG 4. In particular, 

10 FIG 5(a) shows the case of a normal operation without a transmission hnk failure, whereas 
FIG 5(b) shows a scenario when such a failure occurs in a fiber optic transmission link, 
which connects between the optical add/drop multiplexers OADMla and OADMlb in the 
optical ring network of FIG 5(a). 

Referring to FIGs. 4 and 5, , each node of outer and inner ring networks 4 and 2 

15 according to the first embodiment of the present invention includes optical add/drop 
multiplexers (i.e., 210a and 210b), each of which drops or adds optical signals. As shown 
in FIG 4, each of the optical add/drop multiplexers 210a and 210b includes a IxN 
demultiplexer 212, an Nxl multiplexer 214, and N 2x2 optical switches 216-1, 216-2, 
216-N. The 2x2 optical switching devices 110 and 120 are connected at both ends of the 

20 optical add/drop multiplexers 210a and 210b, and across the outer and inner ring networks 
4 and 2. The outer ring network 4 is used to perform the protection switching by 
providing a detour or a bypass route with the provision of a loop-back process when a 
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failure occurs at the fiber optic link of the inner ring network 2. In other words, the outer 
ring network 4 functions not only serve as a path for the normal operation, but also as a 
path for performing the protection switching against a failure in the inner ring network 2. 
Similarly, the same operation is performed by the inner ring network 2 for the outer ring 
5 network 4. 

In operation, the outer ring network 4 transmits the odd-numbered optical signals, 
which have wavelengths of XI, A.2N-1, while the inner ring network 2 processes the 

even-numbered optical signals, which have wavelengths of X2, X4, XIN, Here, the 
outer ring network 4 transmits the odd-numbered optical signals in a clockwise direction, 

10 while the inner ring network 2 transmits the even-numbered optical signals in a counter- 
clockwise d irection. To t his e nd a ny o ptical a dd/drop m ultiplexer O ADMa ( e. g., 2 1 Oa) 
provided in each node of the outer ring network 4 functions to drop and add the odd- 
numbered signals with the wavelengths of XI, X.3, • X2N-1 in the clockwise (right-handed) 
direction, and any optical add/drop multiplexer OADMb (e.g., 210b) provided in each node 

15 of the inner ring network 2 functions to drop and add the even-numbered signals with the 
wavelengths ofX2, X4, A2N in the counter-clockwise (left-handed) direction. 

In the present invention, if a channel interval would be AX, (where, AX=X2-X1) in 
the conventional optical communication network, then the channel interval according to the 
present invention would be 2 AX, (where, 2AX=X,3-X1). Note that if there are channels XI 

20 and X2 and an interval of the channels is AX, an influence of X2 on XI is a function of AX. 
Also, the function of AX are cross phase modulation (XPM), dispersion, and so forth. 
Further, there is a crosstalk by a filter. All these factors are determined by spacing. 

10 
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Accordingly, by increasing the channel interval of the optical signal transmissions, the 
present invention can minimize the influence of phase intermodulation or the influence by 
an adjacent channel, such as an influence of crosstalk based on a transmission characteristic 
of a filter, all of which may be generated during WDM optical transmission. 
5 Referring back to FIG 5, the optical add/drop multiplexers 210a and 210b 

according to the first embodiment of the present invention are arranged as a pair at opposite 
ends, each pair of which are connected with the wavelength interleavers 310, 312; and 314, 
316. The wavelength interleavers 310, 312; and 314, 316 are passive devices for 
performing both the multiplexing or demultiplexing of the wavelength bands of XI, A,3, .. ., 

10 XZM-l and X2, X2N. Each of the wavelength interleavers 310, 312; and 314, 316 

has a port 1 through which all wavelength bands can pass, a port 2 through which only 
signals of the wavelength bands of ?il, ?i3, X.2N-1 can pass, and a port 3 through which 
only signals of the wavelength bands of X2, X4, . . ., A2N can pass. Of three ports of each 
wavelength interleaver 310, 312, 314, or 316, one port is connected to the respective optical 

15 switching devices 110 and 120, and another port is connected to one end of the respective 
optical add/drop multiplexers 210a and 210b. A third port is connected to the same port of 
the different wavelength interleaver 310, 312, 314 or 316 within each node of the 
corresponding ring network 2 or 4. For example, with reference to the wavelength 
interleaver 310, the first port 1 is connected to the optical switching device 110, the second 

20 port 2 is connected to one end of the optical add/drop multiplexer 210a, and the third port 3 
is connected to the third port 3 of the corresponding different wavelength interleaver 312, 
which is provided within the node of the outer ring network 4. 
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When the bi-directional optical ring network of the present invention is operated 
normally without a failure, optical signals with the wavelengths of X.3, are 
inputted into the optical add/drop multiplexer 210a of the outer ring network 4, while 
optical signals with the wavelengths of X4, A2N are inputted into the optical 
5 add/drop multiplexer 210b of the inner ring network 2. When the outer and inner ring 
networks are operated normally, the 2x2 optical switching device maintains a bar or no- 
cross state, so that signals applied to an outer-left input port il are propagated to an outer- 
right output port ol, and signals applied to an inner-right input port i2 are propagated to an 
inner-left output port o2. At the same time the optical switching device 110 is in the bar 

10 state, so that signals with the wavelengths of XI, X3, }i2N-l, which are applied to an 
outer-left input port il are propagated to the outer-rijght output port ol, and then outputted 
to the wavelength interleaver 310. 

When the signals with the wavelengths of X,l, — , A2N-1 are inputted through 
the optical switching device 110 into the port 1 of the wavelength interleaver 310, the 

15 signals are transferred to the optical add/drop multiplexer 210a via only the port 2, through 
which only the signals with the wavelength bands of XI, X.3, A2N-1 are allowed to pass. 
Since the input port of the optical add/drop multiplexer 210a is connected to the port 2 of 
the wavelength interleaver 310, the optical add/drop multiplexer 210a receives only the 
signals with wavelength bands of X,l, X3, • •, X2N-1 . The optical signals outputted from the 

20 optical add/drop multiplexer 210a are inputted into the port 2 of the wavelength interleaver 
312. The optical signals with the wavelengths of X,l, X,3, X.2N-1, which are inputted 
into the port 2 of the wavelength interleaver 312, are transferred to the optical switching 
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device 120 via the port 1 of the wavelength interleaver 312, and then proceed to next 
optical switching device 130. 

However, as shown in FIG 5(b), when a link failure occurs in the fiber optic link, 
for example when a failure occurs at the fiber optic link between the optical switching 
5 device 120 and the optical switching device 130 in the outer ring network 4, the optical 
signals with the wavelength bands of XI, X,3, X2N-1, which are transferred to the optical 
add/drop multiplexer 210a of the outer ring network 4, do no longer proceed past the 
optical switching device 120 toward the optical switching device 130. At this time, both 
of the optical switching devices 120 and 130 arranged at the opposite ends of the failed link 

10 are changed to maintain a cross state by a predetermined control signal (not shovra), so that 
signals applied to the outer-left input port il are transferred to the inner-left output port o2, 
and signals applied to the inner-right input port i2 are transferred to the outer-right output 
port ol. The optical signals transferred to the outer-left port il of the optical switching 
device 120 are outputted to the inner-left output port o2 by setting the optical switching 

15 device 120 to the cross state under the control of a predetermined control signal (not 
shown), and t hen 1 ooped-back t o t he p ort 1 o f the w avelength i nterleaver 3 1 6, w hich i s 
connected to the inner-left output port o2 of the optical switching device 120. 

The optical signals of XI, 13, • *, X,2N-1, which are inputted to the wavelength 
interleaver 316 by the optical switching device 120, are transferred to corresponding 

20 wavelength interleaver 314 directly without passing through the optical add/drop 
multiplexer 210b. Thus, each optical add/drop multiplexer according to the present 
invention multiplexes or demultiplexes only signals which it must drop or add. That is, 

13 
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the optical add/drop multiplexer 210b processes only the optical signals with wavelengths 
ofX,l, X3, X2N-1. Tobespecific, when the optical signals of XI, X3, X2N-1 are 
inputted into the port 1 of the wavelength interleaver 316, the optical signals are transferred 
to the wavelength interleaver 314 through the port 2 of the wavelength interleaver 316, 
5 through which the optical signals with the wavelength band pass. The looped-back optical 
signals with wavelengths of X\, X.3, X2N-1 are demultiplexed at the port 2 of the 
wavelength interleaver 314, and then multiplexed again at port 1 of the wavelength 
interleaver 314, and finally transferred to a neighboring node together with the optical 
signals with wavelengths of X2, A.4, • X2N. 

10 Ina node that is not adjacent to the failed link, the optical switching device also 

maintains the bar state as in the normal operation. As shown in FIG 5, the signals which 
are looped-back and then return are connected through adjacent wavelength interleavers 
directly, so that the capacity of IxN will be adequate for each multiplexer and 
demultiplexer of the optical add/drop muUiplexer. As a result, according to the present 

15 invention, each of the multiplexer and demultiplexer has the capacity of IxN, which 
reduces half the capacity of lx2N that was necessary in the prior art. 

FIG 6 shows the construction of combining optical add/drop multiplexers and 4x4 
optical switching devices in accordance to a second embodiment of the present invention. 
FIG 7 shows the construction of an optical ring network employing optical add/drop 

20 multiplexers and 4x4 optical switching devices shown in FIG 6. In particular, FIG 7(a) 
shows the case in which a bi-directional optical ring network is operated normally without a 
failure, and FIG 7(b) shows the case in which a link failure occurs in the fiber optic 
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transmission link, which connects between the optical add/drop multiplexers OADMla and 
OADMlb of the optical ring network shown in FIG 7(a). 

Referring to FIGs. 6 and 7(a), in the optical ring network employing the optical 
add/drop multiplexers 210a to 240a; and 210b to 240b and optical switching devices 410 to 
5 480, the looped-back signals are connected using the wavelength interleavers without 
performing the multiplexing and demultiplexing at the optical add/drop multiplexers 210a 
to 240a; and 210b to 240b. Note that this is similar to the first embodiment of the present 
invention, except that the 4x4 optical switching devices 410 and 480 are designed to make 
it possible to separately switch only the signals, which are looped-back and then return. 

10 That is, the foregoing first embodiment of the present invention is constructed to loop-back 
not only the optical signals passing through the link at which a failure occurs, but also 
optical signals passing through the link at which no failure occurs using the 2x2 optical 
switching devices 210 to 280. In contrast, the second embodiment of the present 
invention is constructed to make it possible to separately switch only the signals which are 

15 looped-back due to such a failure, and thereby the signals passing through the link free path 
can be directly transmitted without being looped-back. 

In the second embodiment, the 4x4 optical switching devices 410 to 480 are each 
additionally provided with the two pairs of input and output ports in such a way that an 
input port i3a and an input port i4a are connected to an output port o3a and an output port 

20 o4a respectively, so as to transmit only the looped-back signals through the wavelength 
interleavers when a link failure occurs. This construction is unlike that of the 2x2 optical 
switching devices of the first embodiment of the present invention. In other words, when 
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a link failure occurs at any one of fiber optic links of the outer and inner ring networks, 
each of the 4x4 optical switching devices 410 to 480 separately include the input/output 
ports for looping-back the optical signals with the wavelength bands which are processed 
within the outer ring network, and the input/output ports for looping-back the optical 
5 signals with the wavelength bands which are processed within the inner ring network. 

In case that the bi-directional ring network is operated normally without the link 
failure, the optical signals with the wavelengths of XI, X3, X2N-1, which are applied to 
an outer left input port ila of the 4x4 optical switching device 410, for instance, are 
transferred to an outer right output port ola, then transferred to the wavelength interleaver 

10 310, which is connected with the outer right output port ola. The optical signals with the 
wavelength bands of X.1, A,3, A2N-1 pass through the port 2 of the wavelength interleaver 
310 and then demultiplexed. After passing through the wavelength interleaver 310, the 
optical signals with the wavelength bands of XI, X3, X2N-1 are demultiplexed and 
dropped through a IxN demultiplexer 212 of the optical add/drop multiplexer 210a 

15 according to each wavelength, and then multiplexed and added through an Nxl mutiplexer 
214, and finally outputted to the wavelength interleaver 312. After passing through the 
wavelength interleaver 3 12, the optical signals withthe wavelength bands of XI, X3, 
X2N-1 are transferred from an outer left input port ilb of the 4x4 optical switching device 
420 to an outer right output port olb, and then are transferred to a neighboring node. 

20 Similarly, the optical add/drop multiplexers 210b to 240b of the inner ring network 

2 and the 4x4 optical switching devices 410 to 480 perform the same process with the 
respect to the optical signals with wavelengths of X2, X4, • X2N. For example, the optical 
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signals with the wavelengths of A2, X2N, which are applied to an input port i2b of 

the 4x4 optical switching device 420, are transferred to an output port o2b, and then 
transferred to the wavelength interleaver 316, which is connected with the output port o2a. 
The optical signals with the wavelength bands ofX2, X4, X2N pass through a port 3 of 
5 the wavelength interleaver 316 and then demultiplexed. After passing through the 
wavelength interleaver 316, the optical signals with the wavelength bands of X2, — , X2N 
are demultiplexed and dropped through a IxN demultiplexer of the optical add/drop 
multiplexer 210b according to each wavelength, and then multiplexed and added through 
an Nxl mutiplexer of the optical add/drop multiplexer 210b, and finally outputted to the 

10 wavelength interleaver 314. After passing through the wavelength interleaver 314, the 
optical signals with the wavelength bands of X2, X4, • X,2N are transferred from an input 
port i2a of the 4x4 optical switching device 420 to the output port o2a, and then are 
transferred to a neighboring node. 

In contrast, when a failure occurs in the fiber optic link, for example when a 

15 failure occurs at the fiber optic link between the optical switching devices 420 and 430 in 
the outer ring network 4 as shown in FIG 7(b), the optical signals of wavelengths of A,l, X3, 
••, X2N-1, which are transferred to the optical add/drop multiplexer 210a of the outer ring 
network 4 can not travel past the optical switching device 430. As the optical signals with 
the wavelength bands of XI, X3, — , X,2N-1 can not be transferred in a clockwise direction, 

20 these signals are looped-back and transferred in the counter-clockwise direction through 
switching of the 4x4 optical switching device swl2 (or 420). However, the inner optical 
add/drop multiplexers 0ADM4b and OADM 3b (or 240b and 230b) are maintained the 
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same without changing any connection of the optical switching devices as they are not 
adjacent to the failed link. 

Accordingly, the optical signals which are looped-back and transferred are 
connected through the wavelength interleavers without multiplexing and demultiplexing at 
5 the optical add/drop multiplexers. The 4x4 optical switching device sw21 (or 430), which 
is located on one end of the failed link, is switched in a way that only the optical signals 
with the wavelengths of XI, X3, which are looped-back and then retum as shown 

in FIG 7(b), are transferred to the outer optical add/drop multiplexer 220a, while the optical 
signals with wavelengths of X2, X4, which are not affected by the link failure, are 

10 directly transferred. Thus, according to the second embodiment of the present invention, 
the optical signals not affected by the link failure are capable of maintaining a continuity of 
transmission without any loop-back. 

FIG 8 shows a detailed operation of the node in a bi-directional optical ring 
network performing a protection switching according to the second embodiment of the 

1 5 present invention. To perform the protection switch, the optical switching devices of each 
node faces three scenarios, as shown in FIG 8(a) - (c). 

FIG 8(a) shows the condition of a left-handed (or counter-clockwise) node 
adjacent to the link failure. As the optical signals of XI, X.3, A2N-1 which must be 
transmitted in a clockwise direction are unable to transmit due to the link failure, the signals 

20 are looped-back from an outer left input port ilb of the optical switching device 420 to a 
left output port o4b (a thick solid line). As the link failure does not occur, in the counter- 
clockwise direction, the optical signals of X2, X4, X2N which are transmitted in the 
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counter-clockwise direction maintains a continuity of transmission without any loop-back 
(a thick dot line). The looped-back optical signals are multiplexed together with the 
signals which are transmitted in the counter-clockwise direction with the use of the 
wavelength interleavers, and then transmitted to the neighboring coimter-clockwise node. 
5 Even though the optical switching devices of FIG 7 are connected, a thin solid line 
indicates that no signal is transmitted. 

FIG 8(b) shows another scenario in which a node is not near the failed link. As 
shown in FIG 7(b), the signals which are looped-back, but not affected by the link failure, 
are transmitted to the neighboring node using the wavelength interleavers. 

10 FIG 8(c) shows yet another scenario in which a node is located on the right (or 

clockwise) side of the failed link. The optical signals of X.1, X.3, X,2N-1 which are 
looped back and transmitted in the counterclockwise direction return to the original 
clockwise direction using the optical switching devices. Here, a right input port i4a of the 
optical switching device 420 is switched and connected to a right output port ola (a thick 

1 5 solid 1 ine). The i nside ( or c ounter-clockwise) si gnals f ree from 1 ink failure c ontinue t o 
maintain a previous transmission state without any loop-back (a thick dot line). 

As explained above, the present invention is designed so that the channel interval 
of the transmitted optical signals in the bi-directional optical ring network is twice that of 
the prior art which in tum improves the transmission performance. Additionally, the 

20 optical signals passing through the link that does not experience failure can be transmitted 
normally without any interruption, which has occurred in the prior art, even if the loop-back 
technique is used to perform the protection switch. Each of the multiplexer and 
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demultiplexer can reduce half the capacity required of the conventional optical add/drop 
multiplexers. Therefore, it is possible to provide an economical design choice and efficient 
operation to be implemented in the optical communication network. 

While detailed description has been made on the preferred embodiment thereof, it 
5 will be understood by those skilled in the art that various changes in form and details may 
be made as long as they fall to the scope of the invention. Therefore, the invention should 
not be limited to the preferred embodiment thereof, but be defined by the appended claims 
as well as by the equivalent to the claims. 
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